Abstract Several economic reviews demonstrate the substantial costs related to climate change and consequently call for early action. These reviews, however, have been limited to measuring 'objective' risks and expected material damage related to climate change. The 'subjective' perceived risk of climate change and society's willingness to pay (WTP) to avoid these risks are expected to provide an important additional motivation for direct action. We investigate whether and why air travel passengers-an increasingly important source of greenhouse gas emissions-are supportive of measures that increase the cost of their travel based on the polluter pays principle and compensate the damage caused by their flight. Compared to the results of the few previous studies that have elicited WTP estimates for climate policy more generally, our results appear to be at the lower end of the scale, while a comparison to estimates of the social cost of carbon shows that the average WTP estimate in this study is close to the estimated marginal damage cost. Although significant differences are found between travellers from Europe, North America, Asia and the rest of the world, we show that there exists a substantial demand for climate change mitigation action. The positive risk premium over and above the expected property damage cost assessments should be accounted for more explicitly in economic reviews as it will add to the burden of proof of direct action. Measurements of passenger WTP will help policy makers to design effective financial instruments aimed at discouraging climate-unfriendly travel activities as well as to generate funds for the measures directed at climate change mitigation and adaptation. Based on stated WTP by travellers to offset their greenhouse gas emissions, funds in the order of magnitude of €23 billion could be generated annually to finance climate change mitigation activities.
Introduction
Climate change has evolved from an "inconvenient hypothesis" to an "inconvenient truth". The scientific evidence for anthropogenic global warming is overwhelming (Gore 2006) . Also further down the cause-effect chain, on the impact-side of climate change, evidence is accumulating rapidly. Although estimates of the social costs of greenhouse gas (GHG) emissions are highly sensitive to the assumptions made (e.g. the choice of discount rate, equity weighting, corrections for risk aversion and adaptive behaviour), various reviews demonstrate the substantial expected economic costs related to climate change (e.g. Tol 1999; Pearce 2003; Stern 2006) . All reviews point in the same direction: 'the benefits of strong and early action far outweigh the economic cost of not acting' (Stern 2006) 1 . These reviews raise two important issues. First, there is the question as to whether the estimated costs of climate change are accurate. It can be argued that the estimates are in fact incomplete in that they are based on expected property damage costs determined through 'objective' measurements of the risks involved, not the theoretically correct 'subjective' expected utility values. The benefit-cost ratios based on property damage costs alone may substantially underestimate the total benefits since it does not account for public risk aversion. Tol (1999) presents estimates of marginal damage costs that are adjusted to reflect risk aversion, which are around three times higher than the unadjusted costs. These latter well-being effects, measured in economics through the concept of society's willingness to pay (WTP) to avoid a specific risk when people are not entitled to risk protection, should be added to the expected damage costs (e.g. Jones-Lee 1989; Pearce and Smale 2005) . Since the 1970s it has become generally accepted that effective risk and natural hazard management should not be informed by objective measures only, but should also include subjective risk assessments that reflect people's social cognition of risk (Slovic 1987; Cvetkovich and Earle 1992; Beck 1992) .
Second, despite consensus within the academic community on the need to act now, it remains to be seen whether policy makers and polluters are truly willing to take the necessary steps to avoid further climate change and related economic costs. There is currently very limited evidence whether or not people perceive climate change as a threat worth avoiding (e.g. Cameron 2001 Cameron , 2005 Layton and Brown 2000; Layton and Levine 2002) .
The main objective of this study is to investigate whether there is a demand for climate change mitigation action and examine what motivations underlie this demand. More specifically, we aim to reveal whether air travel passengers as polluters are supportive of measures that increase the cost of their travel and compensate the damage caused by their flights, and to quantify the benefits they obtain from mitigating their emissions. This provides an indication of the before mentioned economic welfare measure currently missing in economic reviews in support of direct action to avoid the future risks of climate change. We compare this with the existing cost and benefit estimates. Moreover, such measurements of passenger WTP helps policy makers to design effective financial instruments aimed at discouraging climate-unfriendly travel activities as well as to generate funds for the measures directed at climate change mitigation and adaptation.
To meet these objectives, we conducted a survey of air travel passengers at Amsterdam Schiphol airport, one of the largest airports in Europe. By focusing specifically on air travel passengers we also aim to contribute to current policy developments regarding the control of GHG emissions from aviation. Driven by the polluter-pays-principle, governments are currently considering the implementation of various policy instruments to extract funds for climate change mitigation from the aviation industry and its passengers. For example, in early December 2006 UK chancellor Gordon Brown announced a doubling of air passenger duty on flights. Two weeks later, the European Commission announced that internal EU flights would be included within the EU emissions trading scheme from 2011.
The remainder of this paper is organized as follows. Section 2 introduces the relationship between aviation and climate change, and touches upon the issue of carbon offsetting initiatives. Section 3 presents the research methodology, including the introduction of a carbon travel tax for air travellers to offset their contribution to climate change. The main results are presented in Section 4 and Section 5 concludes.
Aviation growth and greenhouse gas emissions
Aviation traffic has increased dramatically over the past 40 years, with passenger traffic growing at approximately 9% per year since the 1960s (IPCC 1999) . Although this level of growth is anticipated to slow down to some extent as markets in North America and Europe mature, the number of passenger kilometres flown is projected to continue to grow at 5% per year globally. In 2002, global civil aviation clocked up roughly 33 billion kilometres, and this is set to double over the next 20 years (Eyers et al. 2004 ). This level of aviation activity and the associated increase in emissions of GHG has raised concerns over the impact of aviation on the global climate, and the compatibility of aviation expansion with policies to address climate change.
Aviation uses fossil fuels and consequentially emits carbon dioxide (CO 2 ) and other GHG including methane and nitrous oxide. Fuel use in aviation is projected to increase at 3% per year-this is lower than the projected growth in passenger kilometres due to continuing improvements in aircraft efficiency. In comparison to terrestrial sources of emissions, however, aviation is recognized as having an enhanced global warming effect due to the altitude at which aircraft fly (IPCC 1999) . This enhanced effect is estimated to be between two and four times the global warming potential of the CO 2 emissions from aviation. The best estimate of the contribution of aircraft emissions to human induced global warming is that aviation accounted for 3.5% of the total radiative forcing by all anthropogenic activities in 1992. This is not a high figure, but due to the projected growth in aviation, this could rise to 15% by 2050 (IPCC 1999) .
Given the anticipated rise in GHG emissions from aviation there is a recognized need to control and compensate for these emissions. An international agreement on the control of emissions from aviation has, however, been impeded by the international nature of the industry and the lack of agreement on how emissions should be allocated (Oberthur 2003) . GHG from aviation are currently only included in national emissions inventories under the UN Framework Convention on Climate Change for informational purposes and are not restricted by the emissions targets agreed under the Kyoto Protocol. Article 2.2 of the Kyoto Protocol merely asks industrialized countries to pursue the reduction of GHG from aviation through the International Civil Aviation Organisation (ICAO), which is still considering a range of technical, air traffic management, and market based instruments. The European Commission has recommended that intra-EU and international aviation should be included within the EU emissions trading scheme (ETS), but this proposal faces difficulties in terms of international legality and compatibility with the Kyoto Protocol (Cairns and Newson 2006) . It should be noted that the U.S. Government does levy a tax on aviation fuel used for domestic flights by U.S. commercial aircraft. This tax is not applied to fuel purchased by non-U.S. airlines or to fuel used for international flights (Cairns and Newson 2006) . There is some doubt, however, over whether policy instruments such as tax and emissions trading that simply raise the cost of aviation would result in any significant decrease in fuel use and GHG emissions. Boon et al. (2007) find that around 100% of the costs of the EU ETS would be passed directly on to customers. Olsthoorn (2001) finds evidence that the price elasticity of demand for fuel is low, which suggests that a tax set at around the level of marginal external costs of CO2 emissions would only result in negligible reductions in emissions.
An alternative policy option for controlling the climate change impact of aviation, which conforms to the polluter pays principle, is a hypothecated tax on aviation, with the revenue being spent on carbon offsets. Carbon or GHG offsets are certified emissions reductions or sequestration that can be purchased by an individual, business or government to offset the emissions resulting from their activities. Offsetting essentially involves balancing GHG emissions from one activity with purposeful GHG reductions or sequestration from another activity in order to maintain "carbon neutrality". For example, as hosts of the 31 st G8 summit in July 2005 in Scotland, the UK government purchased offsets for the GHG emitted from air travel to the summit.
Carbon offsetting activities may include reforestation, renewable energy, and energy efficiency projects. Uncertainties regarding the measurement and permanence of GHG emission reductions, particularly with respect to carbon sequestration, have resulted in concerns over the credibility of offsets. There are now many commercial and non-profit providers of carbon offsets. A survey of 16 offset providers, covering the gamut of project types, locations, and commercial status, indicates a range of offset prices from €3.30 to €23 per ton (t) CO 2 -equivalent (eq), with an average of €11.80 tCO 2 -eq (prices are for December 2nd 2006-www.ecobusinesslinks.com 04/12/2006) . Given the fact that most of these schemes depend on voluntary compliance, the main question is whether, in the current situation of high airport taxes and fuel surcharges, airline passengers are willing to pay for their CO 2 emissions.
Valuation methodology
The economic valuation method applied in this study is called contingent valuation (CV). CV is a social survey method where individuals are presented with information about specific environmental changes, the values of which are not accounted for in economic markets or fully captured through market-based instruments. In the survey, individual perception, attitudes and preferences regarding these changes and their non-market values are elicited. In order to measure the effect of the suggested changes on people's welfare, respondents are typically asked for either their willingness to pay (WTP) or their willingness to accept (WTA) compensation for the gains or losses involved (Mitchell and Carson 1989; Bateman et al. 2002) . Of these options the WTP approach has become the most frequently applied and has been given peer review endorsement through a variety of studies (e.g. Arrow et al. 1993) .
Aggregated across those who benefit from the services provided by ecosystems and natural resources, the aggregated WTP or WTA amount provides an indicator of the total economic value (TEV) of any change in their provision, including their quality level. Environmental economists have introduced a taxonomy of this TEV, distinguishing between use and non-use values, in order to account for the various reasons and motives people may have to value environmental change. Stated preference methods like CV are the only economic methods that are able to account for possible non-use motivations underlying people's value statements. Whereas use values refer to the values associated with the actual use of the various goods and services provided by ecosystems and natural resources, non-use values are unrelated to any actual or potential use, and may refer for example to the value people attach to preserving ecosystems or species (existence values) or the value they attach to leaving a healthy environment behind for future generations (bequest value).
In a two-day CV survey, carried out in the beginning of November 2006 at Amsterdam Schiphol airport, the fourth largest airport in Europe after London Heathrow, Paris Charles de Gaulle and Frankfurt with over 44 million passengers and more than 420 thousand flights in 2005 (Schiphol Group 2006), more than 400 air travel passengers from around the world were interviewed face-to-face about their travel behaviour, awareness of the environmental impacts of their travel behaviour and their WTP for a carbon travel tax to offset their contribution to the emission of GHG. Together these passengers travelled 1.6 million kilometres, emitting 375 tCO 2 -eq (one-way). Passengers either arriving or departing on 8 or 9 November from Schiphol airport were interviewed for about 10 to 15 min using a thoroughly pre-tested questionnaire consisting of 35 questions. Passengers were selected randomly at a next-to-pass basis 2 . Three quarters of the questions are closed-ended in order to minimize the necessary interview time. The WTP questions are reproduced in the Appendix to this paper.
Results

Passenger characteristics and awareness of the impacts of flying
Most interviewed passengers are male (60%), ranging in age between 18 and 83 years, with an average age of 38 years. Forty percent of the passengers interviewed travel by plane for business, the rest for pleasure or a combination of business and pleasure. Almost 80% flies alone, 20% with one or more family members. The variety of passenger nationalities is presented in Fig. 1 . The sample population is close to the inter-regional passenger movements from Schiphol airport. A high share of the interviewed passengers has the Dutch nationality (27%), followed by the United Kingdom (18%) and other Europeans (20%) (including Belgium, France, Germany, Norway, Sweden, Finland, Spain, Italy, Greece, Hungary, Romania, Slovenia). Almost 20% of the interviewed passengers come from Asia (China, Japan, India, Philippines, Thailand, Malaysia, Indonesia), and 12% from the United States and Canada. A small number of passengers (<5%) come from Australia, Africa (Tanzania, Mozambique, South-Africa) or South-America (Ecuador, Colombia, Uruguay, Brazil).
Besides income, significant differences are found between these nationalities in terms of (continental and intercontinental) travel frequency and the price paid for airplane tickets. Europeans and North Americans travel most frequently: about ten times per year. Passengers from the rest of the world travel half as much. North Americans paid most for their plane ticket (€950 including taxes and other services), followed by the rest of the world (€780) and Asians (€735).
Interesting differences are found when investigating passenger knowledge and awareness of the impacts of flying on the environment and the link with climate change. UK and Dutch travellers are significantly more aware of the relationship between flying and climate change than other nationalities. The awareness level is lowest for passengers living in Asia. Significant differences are also found when investigating the level of concern regarding climate change, with UK passengers again being significantly more concerned than other passengers. No significant differences can be detected between North Americans and other (non-UK) Europeans, but concern is significantly lower in Asia, Latin America and Africa. UK residents also attach significantly more importance to the environment compared to other important public issues like employment, health and safety or economic growth. On the same scale, US citizens value the environment significantly less than any other group of passengers. Europeans and Asians also feel more responsible for climate change than North-Americans.
When asked how much passengers know about the Kyoto protocol, we find that Europeans are more knowledgeable than other nationalities. Half of all European passengers know the protocol's objectives. This is the case for 44% of the North-American passengers and 35% of the Asian travellers. Forty-one percent of the latter never heard of the Kyoto protocol. These percentages are lower for European (24%) and North-American (30%) passengers. About a quarter of all passengers has heard of the protocol, but has no idea what it aims to achieve. North-Americans and Europeans are more convinced than Asians that the introduction of a carbon travel tax will be effective in tackling climate change.
Testing the passenger pays principle
After introducing the idea of a carbon travel tax to passengers, they are asked if they would be willing to pay in principle for such a tax over and above the plane ticket for their current flight (see the Appendix to this paper). Three quarters of all travellers are willing to pay a 
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Interregional passenger movements Schiphol Passengers in sample . Differences are found between continents, however, with slightly more Europeans (80%) than NorthAmericans (75%) willing to pay in principle, and Asian travellers (59%) being least willing to pay for a carbon travel tax. Protest against the imposition of a new carbon travel tax is limited to 14%, which is considered acceptable in this study. The most important reason for travellers to protest against paying is passenger disbelief that the carbon travel tax and the proposed (trees for travel) program will have any real impact.
Passengers who are willing to pay are primarily motivated by a sense of moral obligation and responsibility to pay for their contribution to climate change, concern about the environment in general and future generations (Fig. 2) . Hence, 'existence values' and 'bequest values' seem to dominate the stated WTP responses. We find little to no evidence of what has been labelled 'warm glow' in the valuation literature (e.g. Nunes and Schokkaert 2003), meaning that travellers agree to pay because they like to give to good causes or charity. A considerable share of travellers wants to avoid future natural and economic disasters, which is interpreted as evidence of a positive risk premium. As said, these types of values are usually not included in any of the existing economic reviews related to global warming.
Respondents who are willing to pay in principle are subsequently asked whether they are willing to pay a specific amount of money. A start bid is varied across respondents, ranging between 5 and 100 euros per flight, and depending on their reply (yes or no), they are asked for their WTP for a second follow-up bid to which they can again answer either yes or no. If respondents answer 'no' ('yes') to the start bid, the follow-up bid is a lower (higher) amount. This is referred to as a double bounded (DB) dichotomous choice CV question (Hanemann and Kanninen 1999) . This procedure yields an interval WTP value for each individual respondent in which respondents' maximum WTP value lies. The DB CV results are analyzed using the Turnbull estimation method (Haab and McConnell 1997) , and presented in Table 1 . The Turnbull estimator is based on a grouping of binary responses in bid intervals. To guarantee non-negative outcomes for WTP, the probability of WTP responses is constrained to be positive and sum to unity across bid intervals. The Turnbull estimator provides a lower bound for average WTP. Standard errors of the Turnbull WTP values are calculated based on bootstrap procedures (Efron and Tibshirani 1993) .
Based on the t-test, no significant differences can be found between Europeans and North-Americans or North Americans and Asians. Europeans are, however, willing to pay significantly more than air travellers from Asia (t-value=2.059; p<0.040). Given the relatively low number of observations for North-Americans and Asians, these results have to be interpreted with the necessary care. The estimated average WTP results per flight presented in Table 1 are also related to the calculated average one-way travel distance and the emission of GHG per flight expressed in CO 2 -eq. Travel distance and corresponding emission of CO 2 and total GHG are computed based on travellers' travel itinerary with the help of the calculator at www.greenseat.nl. Relating the estimated mean WTP values to the mean values found for travel distance and corresponding GHG emissions, average WTP ranges between 20 eurocents per 100 km for air travellers from Asia and 1 euro per 100 km for air travellers from Europe. In the whole sample, passengers are willing to pay on average 60 eurocents per 100 km they fly. This corresponds with an average WTP of about 25 euros per tonne tCO 2 -eq.
Compared to the results of other studies that have elicited WTP estimates for climate policy based on stated preference methods (converted into 2006 prices), our results appear to be at the lower end of the scale, although it is noted that the literature in this field is still very limited. Li et al. (2004) analyze the WTP of American citizens for climate policy and find that half of the sample are willing to pay about 3 euros per tCO 2 -eq. Hersch and Viscusi (2006) report that Europeans are willing to pay up to 3.7% more for petrol to combat climate change, which translates to around 156 euros per tCO 2 -eq. Viscusi and Zeckhauser (2006) find that Harvard students are willing to pay an extra $0.50 per gallon of petrol (a 25% increase) for GHG emission reduction (263 euros per tCO 2 -eq). In comparison to estimates of the social cost of carbon as reviewed by Tol (1999) , which vary between 8 and 35 euros per tCO 2 -eq at 2006 prices, we find that our WTP estimate is close to the estimated marginal damage cost, if somewhat at the higher end of the scale.
Following the DB WTP question, respondents are asked in an open-ended (OE) followup question what the maximum amount of money is they are willing to pay over and above their current airplane ticket to compensate for their contribution to the emission of CO 2 of their specific travel distance that day. Although the OE WTP values are significantly higher than the DB WTP values, again no significant differences can be found between Europeans and North-Americans and North-Americans and Asians. A significant difference exists between Europeans and Asians 4 . In order to avoid overestimation, we only present the lower bound Turnbull results in Table 1 .
When linking these individual OE WTP values to individual travel distances and GHG emissions, significant differences are found between all groups. Europeans are in this case willing to pay significantly more per travel distance and GHG emission than NorthAmericans and North-Americans are willing to pay significantly more than Asians. Interestingly, when relating the stated OE WTP values to respondent household income, the average share of WTP in household income is statistically the same across all air traveller groups (2.4% for the sample as a whole) even though Europeans and NorthAmericans earn significantly more than travellers from Asia (no significant difference exists in disposable household income between European and North-American travellers). Correcting for travel distance and GHG emissions, the relative results change however. Europeans are now relatively willing to pay significantly more than North-American and Asian travellers, while no significant difference can be detected between the latter two groups. Mean WTP per ton GHG equals 6.5% of disposable household income for European travellers compared to 2.9% and 2.3% for North-American and Asian air travellers respectively. Finally, when asked how likely it is that air travellers will actually pay the stated maximum WTP if the carbon travel tax is voluntary, the results are not very convincing. Forty percent of the North-Americans consider it unlikely that they would pay in that case against 35% of the Europeans and 14% of the Asians. Fifty percent of the Asian travellers, 47% of the European and 37% of the North-American air travellers believe it is likely that they would pay.
Factors determining air travel passenger WTP for a carbon travel tax
Factors that have a significant impact on the WTP results per flight presented in Table 1 are analyzed through interval regression techniques using the statistical software Stata. The determinants of stated WTP can be derived from the conventional WTP function:
where WTP* is the unobserved variable of willingness to pay and x i is a vector of individual respondent characteristics, β the corresponding vector of coefficients and ɛ i is a normally distributed error term with zero mean and variance σ 2 . Having used a DB dichotomous choice CV approach, we have information on WTP intervals. Respondents are asked two questions: do you accept the start bid and do you accept the follow-up bid. Based on these two questions, four possible intervals can be constructed for WTP (e.g. Hanemann et al. 1991; Alberini 1995) : WTP*>b i accept both start bid (a i ) and follow-up bid (b i ) a i <WTP*<b i accept the start bid (a i ) and reject the follow-up bid (b i ) c i <WTP*<a i reject the start bid (a i ) and accept the follow-up bid (c i ) WTP*<c i reject both start bid (a i ) and follow-up bid (c i )
The interval regression model is estimated using maximum likelihood regression techniques (e.g. Maddala 1983 ). In view of the fact that the interval categories are ordered, the response variable represents the probability of selecting each response category. The multivariate regression results are presented in Table 2 . All effects presented in Table 2 , except for two of the three dummies representing air travellers' place of residence, are statistically significant at the 10% level. The significance of the overall model fit is confirmed by the outcome of the Wald test. The total number of observations is lower than the original number of interviews because of the exclusion of missing values. The calculated pseudo R-squared is used here as a rough indicator of overall model fit. The statistic is not very high (almost 25%), but lacks the straightforward interpretation of explanatory power (McFadden 1994) . Standard errors are corrected for possible heteroscedasticity using the Huber-White estimator of variance. Standard errors of the parameter estimates between brackets. *** p<0.01; ** p<0.05; * p<0.10.
Whilst accounting for a variety of influencing factors, including disposable household income, no significant differences can be detected between air travellers except for Asian travellers when European travellers are used as the baseline category in the regression model 5 . As before in Table 1 -but this time accounting for income differences and other influencing factors-the probability that Asian air travellers end up in a higher ordered WTP interval is significantly lower than for European air travellers, whereas no significant differences can be found between European and North American passengers or the rest of the world.
As expected based on economic theory, WTP is significantly influenced by disposable household income and the intensity of use of the good for which travellers are asked to pay. The more someone is able to pay, the higher the probability that someone replies positively to the presented bid amounts, all other things being equal. The same positive relationship is found between stated WTP for the carbon travel tax and the number of times respondents fly. We find a significant relationship for continental flights, but not for intercontinental flights (or the aggregate of both). A possible explanation for this finding may be that a number of respondents commented that they believe that a carbon travel tax is justified for continental flights in view of the fact that travellers can choose alternative modes of transportation for continental travel, but not for intercontinental travel.
Travellers' perception of their own responsibility for climate change and the effectiveness of the proposed carbon travel tax also have a significant positive impact on stated WTP. The more someone feels personally responsible for climate change or the higher the perceived effectiveness of taxing people for their contribution to climate change when flying, the higher the probability that someone says 'yes' to the presented bids.
The finding that passenger awareness of the impact of flying on climate change has a significant positive impact on stated WTP supports our confidence in the WTP results. The more informed the respondent, the higher our confidence in general in the stated WTP responses. Overall confidence in the survey findings is furthermore founded on the fact that the survey meets important application recommendations that respondents should understand and be familiar with the good valued and have had or be allowed to obtain prior valuation and choice experience with respect to consumption levels of that good (e.g. Cummings et al. 1986; Mitchell and Carson 1989) . All respondents in the sample had flown before, only 1% flew for the first time.
As expected based on previous CV research (e.g. Mitchell and Carson 1989; Bateman et al. 2005) , significant positive anchoring is found of stated WTP on the start bid and the current price travellers pay for their airplane ticket. The higher the start bid or the airfare, the higher the likelihood of falling in a higher ordered bid interval. Given the probabilistic nature of the estimated model, it is difficult to say how much the starting bid influences average WTP in absolute terms 6 . Both the start bid and the current price paid for the good in question provide an important psychological value cue to the respondent. 5 The correlation between the explanatory factors does not exceed 30 percent. The highest correlation between the place of residence and disposable household income is found for Asian travellers (r=-0.253; p< 0.001). 6 Regressing the OE WTP values against disposable household income and start bid using OLS and a double log functional form results in a marginal effect of start bid on stated maximum WTP of 0.326 (p<0.001). This suggests that-all other things being equal-a one percent increase in the start bid results in a 0.3 percent increase in stated maximum WTP.
The price paid for the airplane ticket is highly correlated with the distance flown (r= 0.610; p<0.001). Including both is therefore not possible as this would result in multicolinearity. Travel distance has a significant positive impact on the response variable, but including this variable instead of the price variable makes the awareness factor become statistically insignificant, and this model is therefore not presented here.
Finally, no significant impact can be detected of any of the other standard demographic and socio-economic respondent characteristic variables included in CV research. Whether the flight was for business or pleasure and the respondent flew business or economy class with or without family members did not have any influence on stated WTP either.
Conclusions
The willingness of the general public to invest in climate change mitigation may be much higher than is generally assumed. The main motivation for this positive WTP is not so much the general desire of people to give to charities and good causes, but rather stems from the recognition of responsibility and accountability for climate change as well as the genuine belief in the detrimental effects of climate change on future generations. We find that awareness and demand for climate change mitigation vary across aviation passengers depending on their place of origin. Europeans are most aware and willing to pay for carbon offsets when controlling for the distances flown and associated GHG emission using the higher OE WTP results, whereas North Americans and Asians are less informed and less willing to act, also not when accounting for income differences (i.e. ability to pay). The lack of awareness in Asian travellers is a concern given the projected growth in the aviation industry in Asia.
The findings of this study supplement the existing economic literature on the costs of future climate change. Reviews of the costs of climate change such as those produced by Tol (1999), Pearce (2003) , and the recent review by Stern (2006) have been limited to measuring 'objective' risks of expected material damage related to the impact of climate change on the economy and the environment. This study shows how the 'subjective' or perceived risk of climate change is an important additional motivation for tackling climate change. In our survey, people generally dislike being at risk and are willing to pay to reduce their exposure to risks associated with climate change. This reduced disamenity through mitigating climate change is an important economic benefit of action. Existence and bequest values and positive risk premiums over and above the 'objective' damage cost assessments should be accounted for more explicitly in existing economic reviews as it will add substantially to the burden of proof of direct action.
Regarding the demand and supply of carbon offsets for GHG emissions from aviation, the results of our survey suggest that airline passengers' demand for offsets may easily exceed the supply price of offsets. The survey results show that 75% of the passengers are willing to pay on average €25 per tCO 2 -eq emitted using the conservative lower bound WTP estimate. On the supply side, the average price per tCO 2 -eq is currently around €12. We therefore conclude that the market potential for carbon offsets is substantial. Given that the civil aviation industry currently emits approximately 1.3 billion tCO 2 -eq per year (Eyers et al. 2004) , the market for carbon offsets alone could account for more than €23 billion in climate change mitigation activities annually when simply aggregating the results found here at one of the largest European airports across the whole aviation industry under the rough assumption that the survey results are representative for airports worldwide. This leads us to conclude the 'convenient truth' that air travel passengers are willing to pay to offset their GHG emissions.
Epilogue
It has been exactly one year since the implementation of the survey and the revision of this paper. Several interesting developments took place in the context of passengers' WTP to offset their CO 2 emissions from which we can draw valuable lessons. First, numerous voluntary offset schemes were introduced by airlines and airports, which performed worse than expected by their initiators. An important reason seems to be that passengers appear to be willing to participate if and only if other passengers do so too. Free riders or better 'free flyers' in this case appear to have a negative influence on passengers' willingness to participate in offset schemes. Second, several governments in Europe are proposing and seem determined to push through a compulsory climate change tax for air travellers although there is strong resistance and opposition from airline companies and airports. Opponents of such a tax claim that such unilateral national schemes will only reduce the competitive position of the aviation industry and the airports in the countries where such a tax is to be introduced. Equally important is the counterargument that the tax revenues are not earmarked for climate change policies. Our study confirms that passenger belief in the effectiveness of the tax significantly influences WTP and that introducing a voluntary tax is expected to result in a high degree of non-participation.
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3 Suppose the extra carbon travel tax to offset your contribution to the emission of CO 2 of your specific travel distance today would be € X extra on top of your current airplane ticket. Would you be willing to pay this extra carbon travel tax?
0 No → GO TO QUESTION 4 1 yes → GO TO QUESTION 5 4 If not this amount, are you willing to pay € Y extra on top of your current airplane ticket to compensate for your contribution to the emission of CO 2 of your specific travel distance today?
0 No → GO TO QUESTION 6 1 yes → GO TO QUESTION 6 5 Are you in that case also willing to pay € Z extra on top of your current airplane ticket to compensate for your contribution to the emission of CO 2 of your specific travel distance today?
0 No → GO TO QUESTION 6 1 yes → GO TO QUESTION 6 6 What is the MAXIMUM amount of money are you willing to pay over and above your current airplane ticket to compensate for your contribution to the emission of 
